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INTRODUCTION
A characteristic type of vesicle limited by a mem-
brane revealing a prominent dark-light-dark unit
membrane pattern has been described as being a
unique feature of epithelial cells of the mammalian
urinary tract (7-12, 14, 15, 22) . The relationship
of these rigid, "fusiform" vesicles to the plasma
membrane has been stressed by Porter et al . (12) .
Hicks (8) has demonstrated their origin from the
Golgi apparatus. On the other hand, they may
seemingly also be formed by invaginations of the
plasma membrane as indicated by experiments
with Imferon (8) or ferritin (12) as markers. Their
possible function has been discussed on the basis
of the widely accepted membrane flow model,
particularly in connection with the special tonicity
problems of the cells of the mammalian urinary
tract, and they have been thought to represent a
membrane storage for the plasma membrane,
which acts as a special permeability barrier (7, 8,
10, 12). Porter and his group have discussed also
the formation of these vesicles, at least for the
bladder, and have considered it to be a result of
the bladder contraction mechanism (12). Other
authors have attributed an excretory function to
these vesicles (9, 22). Such vesicles occur also in
some plant cells, as was mentioned in a study of the
yellow-green land alga Botrydium granulatum (3) .
Since this was a rather surprising finding, a de-
tailed study was undertaken to elucidate the dis-
tribution of these vesicles among related algal
species and the mode of their formation in plant
cells.
MATERIALS AND METHODS
The following siphonaceous xanthophycean algal
species were used for investigation : Botrydium granu-
Tatum Grev., B. becherianum Vischer, Botrydiopsis arhiza
Borzi. The first one was collected from the muddy
bayous of the Rhine near Mannheim, while the other
two species were cultivated on an inorganic basal
medium (1) solidified to 1 .6% with Difco Bacto Agar
(Difco Laboratories, Inc., Detroit, Mich. ; cultures
provided by R. Malcolm Brown, Jr., University of
North Carolina, Chapel Hill). Cultures in late log
phase of growth were used for the study. Blocks of
agar to which were attached some algal sacs were cut
from the culture slant and placed into the fixative.
The fixing procedure for the collected B. granulatum
has been published previously (3) . Fixation was car-
ried out either sequentially with 1 or 307 0 glutaralde-
hyde followed by thorough washing and further
fixation with 2% Os04 (each treatment for 1-2 hr in
the cold, both fixatives buffered to pH 7.0 with
0.05 M cacodylate), or simultaneously as described
elsewhere (5). For control, fixations with Os04 alone,
with 2% KMn04, or with sequential glutaralde-
hyde/Os04 at room temperature were also made.
Dehydration was carried out either stepwise through
an ethanol series or continuously in acetone vapor
(18). After the tissues were embedded in Araldite,
sections were cut on a Reichert ultramicrotome Orn
U2 (American Optical Corporation, Scientific In-
strument Division, Buffalo, N.Y.) poststained with
uranyl acetate and lead citrate, and examined with a
Siemens Elmiskop Ia or 101 (Siemens America
Incorporated, New York.)
RESULTS
Fusiform vesicles in plant cells were first observed
as especially conspicuous structures in the sacs of
B. granulatum in which zoospore formation had
been previously induced by overflowing the algae
with water. In this case the fusiform vesicles which
measure up to 0.6 µ in the long axis can most fre-
quently be seen oriented towards the flagellar
vacuoles (Figs. 1, 2; cf. reference 3) . With respect
BRIEF NOTESFmunm I Flagellar vacuole of Botrydium granulatum at beginning zoospore formation. Many fusiform
vesicles (fv) are accumulated around this vacuole . Coated vesicles (cv) and vacuoles containing dense
material (dmv) are also present. P, plastid. X 54,000.
FIGURE 2 Prominent triple-layer unit-membrane pattern of the membrane limiting the fusiform vesicles
of B. granulatum forming zoospores. X 70,000.
FIGURE 3 More wrinkled outline of vesicles which are equivalent to fusiform vesicles in Botrydiopsis
arhiza. X 57,000.
FIGURE 4 Stack of fusiform vesicles underlying the plasma membrane (PM) of Botrydium becherianum.
P, plastid. X 82,000.FIGURE 5 Fusiform vesicles at the cell surface of B. becherianum. In the membrane limiting the vesicles
the inner dark leaflet seems to be richer in contrast . PM, plasma membrane. X 115,000.
FIGURE 6 Fusiform vesicles (fv) formed as terminal bubbles of tubules (t) . X 100,000.
FIGURE 7 Thin cytoplasmic strands (cs) spanning a large vacuole of B. becherianum. A considerable part
of the cytoplasm of such strands is occupied by the fusiform vesicles or the tubules in continuity with the
vesicles. X 80,000. Inset shows cross-sections of such tubules within a cytoplasmic strand at higher
magnification. Note again the dark-light-dark pattern of the membrane limiting these tubules . X 140,000.
to the rich triple-layer contrast of their membrane,
the obvious relationship to the plasma membrane,
the empty lumen, and the frequently elongated
rigid shape, these vesicles are similar to the cor-
responding vesicles in the epithelial cells of the
mammalian urinary tract (compare e .g. 7, 8, 12) .
In Botrydium granulatum the occurrence of these
vesicles is not limited to coenocytic sacs during
zoospore formation. They can also be found,
though generally to a lesser extent, in vegetative
cells as well. Moreover, they have been observed
after the different fixation procedures were em-
ployed. While these vesicles in general are tight in
contour, in a few instances (in Botrydiopsis arhiza)
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169FIGURE 8 The tubular structures (t) which seem to give rise to the fusiform vesicles as outgrowths of a
peculiar flat cisterna. N, nucleus; M, mitochondrion. X 75,000. Inset gives a survey of the typical appear-
ance of such a jellyfish-like cisternal body from which the tubules grow out. X 40,000.
transitional stages of the rigid vesicular shape, i .e.
more wrinkled forms, could also be observed (Fig .
3) . The vesicles can frequently be seen as densely
aggregated in stacks (Figs . 4, 5) . Hicks (8) sug-
gested that the fusiform vesicles present in the
squamous cells of the rat transitional epithelium
"might be terminal portions of long channels."
Her statement can be confirmed for the algal cells
studied, in that fusiform vesicles are often seen as
terminal "bubbles" still in connection with tubu-
lar channels (Figs. 6, 7). Cross-sections of these
tubules reveal the triple-layered appearance of
their limiting membrane just as clearly as do the
vesicle membranes (Figs. 6, 7, 12) . In Botrydium
becherianu?n cultivated on agar, these tubules,
which are 230-330 A in outer diameter and 100-
200 A in inner diameter, are especially abundant .
Even the thin cytoplasmic strands spanning the
large vacuoles of the multinuclear sacs are full of
these structures (Fig. 7). Occasionally these tubules
can be seen as outgrowths from flat cisternal sacs
(Fig. 8) extending into the cytoplasm, a configura-
tion somewhat resembling the tentacles of a jelly-
fish. The membrane limiting the fusiform vesicles
is 60-75 A thick. The plasma membrane in this
organism has the same thickness . Thus, the differ-
ences in membrane structure between the plasma
membrane and the fusiform vesicle membrane, on
one hand, and the typical cytoplasmic membranes,
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on the other hand, do not concern the membrane
thickness but only the distinctiveness of the triple-
layered unit membrane pattern.
The fusiform vesicles can be found underlying
the cell surface, frequently with their long axis
parallel to the plasma membrane (Figs. 4-6, 9, 10).
Sometimes one can detect sites where such a vesicle
seems to fuse with the plasma membrane in the
typical manner of an exocytotic process (Fig . 10) .
Another cell structure with which the vesicles are
conspicuously associated is a peculiar kind of
vacuole present in these algae (from 0 .1 up to
about 10 µ in diameter), which contains globular
electron-opaque matter (Figs. 11, 12) . The mem-
brane limiting these vacuoles seems also to be able
to coalesce with the fusiform vesicle membranes.
Moreover, the fusiform vesicles as well as the
vacuoles containing dense material are often lo-
cated in the region of the centriole (Figs. 13, 14) .
Particular effort was made in the present study
to clarify the question whether the algal fusiform
vesicles might also originate from the Golgi appa-
ratus. Xanthophycean cells possess two, but in
some cases only one, dictyosomes per nucleus.
These dictyosomes are always in a juxtanuclear
position, with their proximal "forming" face di-
rected against the nuclear envelope (3, 4) . On the
distal "secreting" face of these dictyosomes, coated
and fusiform vesicles are the most prominentFIGURE 9 Survey micrograph of a region near the wall of B. becherianum. Arrows denote fusiform vesicles
underlying the plasma membrane or fusing with it . W, cell wall . X 37,000 .
FIGURE 10 Detail of Fig. 9 at higher magnification. Fusiform vesicle membrane seems to have made
contact with the plasma membrane . P, plastid . X 200,000.
FIGURE 11 A large vacuole containing globular dense matter is a characteristic component of these algal
cells and is surrounded by numerous fusiform vesicles or fusiform vesicle-connected tubules (fv) . dmv,
vacuoles containing dense material . X 2,000.
FIGURE 12 Same situation as shown in Fig. 11 at higher magnification. Note the structural similarity of
the vacuole membrane and the membranes limiting the fusiform vesicles (fv) or the tubules (t) . dmv,
vacuoles containing dense material . X 80,000.
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171FIGURE 13 Small vesicles (arrows) resembling fusiform vesicles lying in the centriolar region of a
vegetative cell of B. becherianum. mi, inicrotubules. X 100,000.
FIGURE 14 Some of the vacuoles containing electron-opaque clumps generally associated with the
centriolar region (arrows at bottom) . N, nucleus ; P, plastid ; pe, periplastid cisterna; pr, periplastid
reticulum (terminology cf. Falk and Kleinig, 4) . X 42,000.
vesicular structures (Figs . 15-17) . The triple-
layered unit-membrane distinctiveness charac-
teristic for the fusiform vesicle membrane and
plasma membrane can sometimes be already
recognized in the membranes of the more distal
cisternae of the dictyosomes (Figs. 16, 17). Such a
membrane differentiation change across the Golgi
cisternae is a general phenomenon (e.g. reference
17 ; review on this topic in reference 6).
DISCUSSION
Considering the fact that the peculiar kind of
vesicle described above occurs in cells as different
as urinary tract epithelial cells and siphonaceous
xanthophycean algae, one thinks about a possible
functional basis common to both these kinds of
cells that could explain this amazing structural
similarity. From our present knowledge of the
ultrastructure of the Xanthophyceae the possi-
bility can be excluded that the fusiform vesicles
are structural features of general occurrence
among this systematical group, because neither
the filamentous genus Tribonema (4) nor the
siphonaceous genus Vaucheria (2) contains such
vesicles. Since these genera are permanently
aquatic, it is interesting to keep in mind, for
further discussion, that the vesicles in question
have hitherto been reported only for soil-inhabiting
xanthophycean algae. The vesicles are especially
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abundant when such algae are inundated with
water, a treatment which leads to zoospore for-
mation. Porter et al. (12) and Hicks (8) attempt
to combine, in their concepts of the functional
role of the fusiform vesicles in the urinary tract
epithelium, both the invagination of plasma mem-
brane material into the cell and the increase of the
plasma membrane via Golgi-derived vesicles.
Since membrane production is widely thought of
as one of the main functions of the dictyosomes
(19), the most reasonable straightforward hypothe-
sis, in this author's opinion, is that these vesicles
are correlated with a state of highly increased
production of plasma membrane material . Thus,
the vesicles could act as a membrane storage pool
to enable the cell to meet the necessity of any
rapid increase in plasma membrane. This is par-
ticularly the case when within a few hours the
coenocytic cytoplasm of the siphonaceous algae
becomes divided into many zoospore segments
and each portion of segmented cytoplasm is sur-
rounded by a membrane.
Of interest in this connection are the findings
that small fusiform vesicles or tubes in the vegeta-
tive cells lie closely associated with the centriole
("pericentriolar vesicles," 13) and that an obvious
orientation of the fusiform vesicles toward the
flagellar vacuoles exists during zoospore formation .
This is compatible with the present views of howFIGURE 15 Fusiform (fv) and coated (cv) vesicles associated with the secreting face of a dictyosome of
B. becherianum. N, nucleus. X 75,000.
FIGURE 16 Similar association of fusiform vesicles and related tubular structures with the distal pole of a
Golgi stack at higher magnification . Arrows at fv denote vesicles showing a membrane with pronounced
triple-layered structure . N, nucleus. X 130,000.
FIGURE 17 Situation in Botrydiopsis arhiza similar to that shown in Fig . 16. N, nucleus. X 74,000the flagellar vacuole develops in the genesis of
flagella and cilia (e.g. reference 13, 16, 20, 21) .
The most conspicuous property of the fusiform
vesicles is the enhanced dark-light-dark pattern
of the limiting membrane . Grove et al . (6) have
stressed that membrane maturation or differen-
tiation from ER-like membranes (i.e. "cytomem-
branes" sensu Sjöstrand, 19) to plasma membrane-
like membranes with more pronounced triple-
layer structure occurs in the course of Golgi
vesicle production . Although the electron micros-
copy at present has not given us any understand-
ing as to what causes such structural changes
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